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Description
BACKGROUND OF THE DISCLOSURE
1. Technical Field

[0001] This disclosure relates generally to a bearing
and, more particularly, to an active magnetic bearing and
a foil bearing.

2. Background Information

[0002] A gas turbine engine includes bearings to rotat-
ably support various rotors. Various types and configu-
rations of bearings are known in the art. While these
known bearings have various benefits, there is still room
in the art for improvement. There is a need in the art, for
example, for a bearing which can reduce lubricant and/or
cooling demand on turbine engine lubricant and/or cool-
ing systems.

SUMMARY OF THE DISCLOSURE

[0003] According to an aspect of the present disclo-
sure, a bearing system is provided that includes a sta-
tionary structure, a rotating structure, a magnetic-foil
bearing and a cooling jacket. The rotating structure is
rotatable about an axis. The magnetic-foil bearing radially
supports the rotating structure within the stationary struc-
ture. The magnetic-foil bearing includes a magnetic bear-
ing stator, a magnetic bearing rotor and a foil bearing.
The foil bearing is disposed radially between the mag-
netic bearing stator and the magnetic bearing rotor. The
cooling jacket circumscribes and radially engages the
magnetic bearing stator. A cooling circuit is configured
to flow cooling fluid within the cooling jacket to cool the
magnetic bearing stator.

[0004] According to another aspect of the present dis-
closure, which the Applicant expressly reserves the right
to claim independently, an assembly is provided for a
turbine engine. This assembly includes a stationary
structure, a rotating structure, a bearing system and a
cooling system. The rotating structure is rotatable about
an axis. The bearing system radially supports the rotating
structure within the stationary structure. The bearing sys-
tem includes a magnetic bearing stator, a magnetic bear-
ing rotor and a foil bearing. The foil bearing is disposed
radially between the magnetic bearing stator and the
magnetic bearing rotor. The cooling system is configured
to deliver lubricant to the bearing system to cool the mag-
netic bearing stator.

[0005] According to still another aspect of the present
disclosure, which the Applicant expressly reserves the
right to claim independently, another assembly is provid-
ed for a turbine engine. This assembly includes a sta-
tionary structure, a rotating structure, a bearing and a
cooling jacket. The rotating structure is rotatable about
an axis. The bearing radially supports the rotating struc-
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ture within the stationary structure. The bearing includes
a magnetic bearing rotor and a magnetic bearing stator
circumscribing the magnetic bearing rotor. The magnetic
bearing rotor is mounted with the rotating structure. The
magnetic bearing stator is mounted with the stationary
structure. The cooling jacket circumscribes and radially
engages the magnetic bearing stator. A cooling circuit is
configured to flow cooling fluid within the cooling jacket
to cool the magnetic bearing stator. At least a portion of
the cooling circuit within the cooling jacket has a spiral
geometry about the magnetic bearing stator.

[0006] The bearing may also include a foil bearing ra-
dially between the magnetic bearing stator and the mag-
netic bearing rotor.

[0007] The cooling circuit may extend circumferentially
within the cooling jacket around the magnetic bearing
stator two or more complete revolutions.

[0008] Atleasta portion of the cooling circuit within the
cooling jacket may have a spiral geometry about the mag-
netic bearing stator.

[0009] The cooling circuit may include afirst leg and a
second leg. The first leg may extend within the cooling
jacketaxially along and circumferentially about a first por-
tion of the magnetic bearing stator to a first outlet of the
cooling jacket. The second leg may extend within the
cooling jacket axially along and circumferentially about
a second portion of the magnetic bearing stator to a sec-
ond outlet of the cooling jacket.

[0010] Thefirstlegmay extend within the cooling jacket
axially along the first portion of the magnetic bearing sta-
tor in a first axial direction along the axis to the first outlet.
The second leg may extend within the cooling jacket ax-
ially along the second portion of the magnetic bearing
stator in a second axial direction along the axis to the
second outlet.

[0011] The first leg and the second leg may be fluidly
coupled to an inlet of the cooling jacket in parallel.
[0012] At least a portion of the first leg may have a
spiral geometry within the cooling jacket about the mag-
netic bearing stator. In addition or alternatively, at least
a portion of the second leg may have a spiral geometry
within the cooling jacket about the magnetic bearing sta-
tor.

[0013] Thefirstlegmay extend within the cooling jacket
at least one or more complete revolutions circumferen-
tially about the magnetic bearing stator. In addition or
alternatively, the second leg may extend within the cool-
ing jacket at least one or more complete revolutions cir-
cumferentially about the magnetic bearing stator.
[0014] The cooling circuitmay include afirstleg, a sec-
ond leg, a first plenum, a second plenum and a third ple-
num axially between the first plenum and the second ple-
num. The first leg may extend axially along and circum-
ferentially about the magnetic bearing stator from the first
plenum to the third plenum. The second leg may extend
axially along and circumferentially about the magnetic
bearing stator from the third plenum to the second ple-
num.
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[0015] The first plenum may be configured as or oth-
erwise include an annular first plenum. In addition or al-
ternatively, the second plenum may be configured as or
otherwise include an annular second plenum. In addition
or alternatively, the third plenum may be configured as
or otherwise include an annular third plenum.

[0016] The cooling jacket may include an inlet, a first
outlet and a second outlet. The inlet may be fluidly cou-
pled to the third plenum. The first outlet may be fluidly
coupled to the first plenum. The second outlet may be
fluidly coupled to the second plenum.

[0017] The bearing system may also include a cooling
fluid source fluidly coupled with and configured to provide
the cooling fluid to the cooling circuit.

[0018] The cooling fluid source may be configured as
or otherwise include a flowpath within a turbine engine.
The cooling fluid may be compressed air bled from the
flowpath.

[0019] The cooling fluid source may be configured as
or otherwise include a lubricant reservoir. The cooling
fluid may be lubricant from the lubricant reservoir.
[0020] The magnetic bearing stator may include a sta-
tor body and a plurality of windings wrapped around the
stator body. The cooling jacket may circumscribe and
radially engage the stator body.

[0021] The statorbody may be configured as other oth-
erwise include a stator lamination.

[0022] The foil bearing may include a top foil and a
bump foil. The top foil may extend circumferentially about
the axis. The bump foil may extend circumferentially
about the axis and radially between the magnetic bearing
stator and the top foil.

[0023] The present disclosure may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.

[0024] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a side cutaway illustration of a geared gas
turbine engine.

FIG. 2is a partial side sectional illustration of a mag-
netic-foil bearing between a stationary structure and
a rotating structure.

FIG. 3 is a perspective illustration of a frame for the
magnetic-foil bearing.

FIG. 4 is a partial cross-sectional illustration of the
frame.

FIG. 5 is a cutaway illustration of the magnetic-foil
bearing.

FIG. 6 is a partial side sectional illustration of a stator
of the magnetic-foil bearing.

FIG. 7 is a partial cross-sectional illustration of the
magnetic-foil bearing.
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FIG. 8 is a schematic, cross-sectional illustration of
the magnetic-foil bearing with the rotating structure
and a control system.

FIG. 9 is a partial side sectional illustration of a cool-
ing system with a cooling jacket between the station-
ary structure and the magnetic-foil bearing.

FIG. 10 is a perspective illustration of the cooling
jacket.

DETAILED DESCRIPTION

[0026] FIG. 1 is a side cutaway illustration of a geared
gas turbine engine 20 for an aircraft propulsion system.
This turbine engine 20 extends along an axial centerline
22 between an upstream airflow inlet 24 and a down-
stream airflow exhaust 26. The turbine engine 20 in-
cludes afan section 28, a compressor section 29, a com-
bustor section 30 and a turbine section 31. The compres-
sor section 29 includes a low pressure compressor (LPC)
section 29A and a high pressure compressor (HPC) sec-
tion 29B. The turbine section 31 includes a high pressure
turbine (HPT) section 31A and a low pressure turbine
(LPT) section 31B.

[0027] The engine sections 28-31B are arranged se-
quentially along the centerline 22 within an engine hous-
ing 34. This engine housing 34 includes an inner case
36 (e.g., a core case) and an outer case 38 (e.g., a fan
case). The inner case 36 may house one or more of the
engine sections 29A-31B; e.g., a core of the turbine en-
gine 20. The outer case 38 may house at least the fan
section 28.

[0028] Each of the engine sections 28, 29A, 29B, 31A
and 31B includes a respective bladed engine rotor 40-44.
Each of these engine rotors 40-44 includes a plurality of
rotor blades arranged circumferentially around and con-
nected to one or more respective rotor disks. The rotor
blades, for example, may be formed integral with or me-
chanically fastened, welded, brazed, adhered and/or oth-
erwise attached to the respective rotor disk(s).

[0029] The fan rotor 40 is connected to a geartrain 46,
for example, through a fan shaft 48. The geartrain 46 and
the LPC rotor 41 are connected to and driven by the LPT
rotor 44 through a low speed shaft 49. The HPC rotor 42
is connected to and driven by the HPT rotor 43 through
a high speed shaft 50. The engine shafts 48-50 are ro-
tatably supported by a plurality of bearings 52. Each of
these bearings 52 is connected to the engine housing 34
by at least one stationary support structure such as, for
example, an annular support strut.

[0030] During turbine engine operation, air enters the
turbine engine 20 through the airflow inlet 24. This air is
directed through the fan section 28 and into a core flow-
path 54 and a bypass flowpath 56. The core flowpath 54
extends sequentially through the engine sections 29A-
31B; e.g., the engine core. The air within the core flow-
path 54 may be referred to as "core air". The bypass
flowpath 56 extends through a bypass duct, which by-
passes the engine core. The air within the bypass flow-
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path 56 may be referred to as "bypass air".

[0031] The core airis compressed by the LPC rotor 41
and the HPC rotor 42 and directed into a combustion
chamber 58 of a combustor in the combustor section 30.
Fuel is injected into the combustion chamber 58 and
mixed with the compressed core air to provide a fuel-air
mixture. This fuel-air mixture is ignited and combustion
products thereof flow through and sequentially cause the
HPT rotor 43 and the LPT rotor 44 to rotate. The rotation
of the HPT rotor 43 and the LPT rotor 44 respectively
drive rotation of the HPC rotor 42 and the LPC rotor 41
and, thus, compression of the air received from a core
airflow inlet. The rotation of the LPT rotor 44 also drives
rotation of the fan rotor 40. The rotation of the fan rotor
40 propels the bypass air through and out of the bypass
flowpath 56. The propulsion of the bypass air may ac-
count for a majority of thrust generated by the turbine
engine 20, e.g., more than seventy-five percent (75%) of
engine thrust. The turbine engine 20 of the present dis-
closure, however, is not limited to the foregoing exem-
plary thrust ratio.

[0032] A typical roller element bearing utilizes a plural-
ity of roller elements engaged with an inner race and an
outer race, where a lubricant film provides a buffer be-
tween the roller elements and the inner and the outer
races. The engagement between the bearing elements
and the inner and the outer races may subject the roller
elementbearing to relatively high heat loads. While these
heat loads may be mitigated by increasing a flow of the
lubricant to and through the roller element bearing, such
an increase in the lubricant flow increases turbine engine
lubrication demands overall. Therefore, in an effort to re-
duce lubrication and/or cooling demands on the turbine
engine 20 as well as increase turbine engine efficiency
(e.g., by reducing parasitic losses), any one or more of
the bearings 52 may each be configured as a magnetic-
foil bearing. The term "magnetic-foil bearing" may de-
scribe a bearing which utilizes a magnetic field and/or an
air cushion to facilitate rotation of a bearing rotor within
a bearing stator. With such a configuration, the bearing
rotor may hover within a bore of the bearing stator with
little or no contact between the bearing rotor and the bear-
ing stator and without use of lubricant. In addition to re-
ducing lubrication and/or cooling demands on the turbine
engine 20 as well as increasing turbine engine efficiency,
the magnetic-foil bearing may also improve dynamic
properties such as damping.

[0033] FIG. 2 illustrates an exemplary magnetic-foil
bearing 60. This magnetic-foil bearing 60 is a combina-
tion of an active magnetic bearing (AMB) and a foil bear-
ing (FB), which foil bearing may also be referred to as a
foil-air bearing or a foil journal bearing. The magnetic-foil
bearing 60 of FIG. 2, for example, includes a magnetic-
foil bearing (MFB) stator 62 and a magnetic-foil bearing
(MFB) rotor 64. The MFB stator 62 of FIG. 2 includes a
magnetic-foil bearing (MFB) frame 66 (e.g., a retention
structure), a magnetic bearing stator 68 and a foil bearing
70. The MFB rotor 64 of FIG. 2 includes a magnetic bear-
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ing rotor 72 and a rotor sleeve 74, where the magnetic
bearing rotor 72 is in electromagnetic communication
with the magnetic bearing stator 68 (e.g., through the foil
bearing 70 and/or the rotor sleeve 74) as described below
in further detail. The magnetic-foil bearing 60 also in-
cludes an active magnetic bearing (AMB) control system
76.

[0034] Referring to FIG. 3, the MFB frame 66 extends
axially along an axis 78 (e.g., the centerline 22) between
and to a first end 80 of the MFB frame 66 and a second
end 82 of the MFB frame 66. Briefly, the axis 78 may be
a centerline axis of the MFB stator 62 and/or any one or
more of its members 66, 68 and/or 70 (see FIG. 2). The
axis 78 may also or alternatively be a centerline axis
and/or a rotational axis of the MFB rotor 64 and/or any
one or more of its members 72 and/or 74 (see FIG. 2).
The MFB frame 66 extends radially between and to a
radial inner side 84 of the MFB frame 66 and a radial
outer side 86 of the MFB frame 66. The MFB frame 66
extends circumferentially about (e.g., completely around)
the axis 78. The MFB frame 66 may thereby have a full-
hoop tubular geometry.

[0035] The MFB frame 66 of FIG. 3 includes a plurality
of stator channels 88 arranged circumferentially about
the axis 78 in an array; e.g., a circular array. The MFB
frame 66 of FIG. 3 also includes one or more retention
slots 90 arranged circumferentially about the axis 78 in
an array; e.g., a circular array. These retention slots 90
may be circumferentially interspersed with the stator
channels 88. Each retention slot 90 of FIG. 3, for exam-
ple, is disposed circumferentially between a respective
circumferentially neighboring (e.g., adjacent) pair of the
stator channels 88. Similarly, each stator channel 88 of
FIG. 3is disposed circumferentially between arespective
circumferentially neighboring pair of the retention slots
90.

[0036] Each stator channel 88 extends radially through
the MFB frame 66 between and to the frame inner side
84 and the frame outer side 86. Each stator channel 88
extends circumferentially about the axis 78 within the
MFB frame 66 between circumferentially opposing sides
92 and 94 of the respective stator channel 88. Each stator
channel 88 extends axially along the axis 78 within the
MFB frame 66 between axially opposing sides 96 and 98
of the respective stator channel 88. Each of the axial
channel sides 96, 98 extends circumferentially about the
axis 78 between the circumferential channel sides 92,
94. Each of the circumferential channel sides 92, 94 ex-
tends axially along the axis 78 between the axial channel
sides 96, 98. Each axial channel side 96, 98 may meet
each respective circumferential channel side 92, 94 at a
rounded interior corner; e.g., a fillet.

[0037] Each retention slot 90 extends axially through
the MFB frame 66 between and to the frame first end 80
and the frame second end 82. Each retention slot 90 of
FIG. 4 includes a groove 100 and a notch 102, where
each of these slot members 100, 102 may extend axially
through the MFB frame 66. The groove 100 projects ra-
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dially into the MFB frame 66 (in a radial outward direction
away from the axis 78) from the frame inner side 84 to a
radial outer distal end 104 of the respective retention slot
90. The groove 100 extends laterally (e.g., circumferen-
tially or tangentially) within the MFB frame 66 from a lat-
eral first side 105 of the respective retention slot 90 to a
lateral second side 106 of the groove 100. The notch 102
is disposed at (e.g., on, adjacent or proximate) the slot
distal end 104. This notch 102 projects laterally out from
the groove 100 and its groove second side 106 into the
MFB frame 66 to a second side 108 of the respective
retention slot 90. The notch 102 extends radially within
the MFB frame 66 between and to the slot distal end 104
(e.g., a radial outer side of the notch 102) and a radial
inner side 110 of the notch 102. With this configuration,
the retention slot 90 of FIG. 4 has an L-shaped sectional
geometry when viewed, forexample, in areference plane
perpendicular to the axis 78. The present disclosure,
however, is not limited to such an exemplary retention
slot configuration. For example, in other embodiments,
one or more of the retention slots 90 may each have a
T-shaped sectional geometry (e.g., a geometry with dou-
ble opposing notches) or a |-shaped sectional geometry
(e.g., a geometry without a notch).

[0038] Withtheforegoingarrangement,the MFB frame
66 of FIG. 3 includes an annular first end portion 105, an
annular second end portion 107 and an intermediation
portion 109 extending axially between and connected to
(e.g., formed integral with) the first end portion 105 and
the second end portion 107. The first end portion 105
extends axially between and forms the frame first end 80
and the first axial channel side 96. The second end por-
tion 107 extends axially between and forms the frame
second end 82 and the second axial channel side 98.
The intermediate portion 109 of FIG. 3 is formed by a
plurality of beams 111 arranged circumferentially about
the axis 78 in an array; e.g., a circular array. Each of
these beams 111 extends circumferentially between and
forms a respective set of the circumferential channel
sides 92 and 94 of a respective circumferentially neigh-
boring pair of the respective stator channel 88. Each of
these beams 111 also includes a respective one of the
retention slots 90.

[0039] The MFB frame 66 may be constructed as a
monolithic body from frame material. The MFB frame 66,
for example, may be cast, machined, additively manu-
factured and/or otherwise formed as a single, unitary
body. The frame material may be a metal such as, but
not limited to, Inconel 718, 304 stainless steel, 400 series
steel, silicon steel, titanium 6AL-4V and 316 stainless
steel. Additionally or in the alternative, the frame material
may be a composite material, such as carbon fiber, fib-
erglass, or the like, a plastic material, and/or a combina-
tion of the foregoing and/or a metal material. The present
disclosure, however, is not limited to such an exemplary
frame construction nor frame materials.

[0040] Referring to FIG. 5, the bearing stator 68 in-
cludes a stator body 112 and a plurality of electrical wind-
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ings 114A and 114B (generally referred to as "114"); e.g.,
copper wire windings. The stator body 112 of FIG. 5 in-
cludes a stator body base 116 ("stator base") and a plu-
rality of stator body protrusions 118A and 118B (generally
referred to as "118") ("stator protrusions"); e.g., inward
facing teeth.

[0041] The stator base 116 extends circumferentially
about (e.g., completely around) the axis 78. The stator
base 116 and, more generally, the stator body 112 may
thereby have a full-hoop tubular geometry. The stator
base 116 extends radially between and to a radial inner
side 120 of the stator base 116 and a radial outer side
122 of the bearing stator 68 and its stator body 112. Re-
ferringto FIG. 6, the stator base 116 extends axially along
the axis 78 between and to a first end 124 of the stator
body 112 and a second end 126 of the stator body 112.
[0042] Referring to FIG. 5, the stator protrusions 118A
and 118B are collectively arranged circumferentially
about the axis 78 in an array; e.g., a circular array. More
particularly, the stator protrusions 118A of FIG. 5 are ar-
ranged circumferentially about the axis 78 in a first array.
The stator protrusions 118B are arranged circumferen-
tially about the axis 78 in a second array. The stator pro-
trusions 118B are interspersed with stator protrusions
118A. Each stator protrusion 118A of FIG. 5, forexample,
is disposed circumferentially between a respective cir-
cumferentially neighboring pair of the stator protrusions
118B. Similarly, each set of two (or more) stator protru-
sions 118B is disposed (e.g., side-by-side) circumferen-
tially between a respective circumferentially neighboring
pair of the stator protrusions 118A. However, various oth-
er patterns of stator protrusions 118A and 118B about
the axis 78 are possible. Furthermore, it is contemplated
the stator body 112 may be configured without the stator
protrusions 118A or the stator protrusions 118B in still
other embodiments where, for example, all of the stator
protrusions 118 have a common configuration.

[0043] Each statorprotrusion 118is connectedto (e.g.,
formed integral with) the stator base 116 at its base inner
side 120. Each stator protrusion 118 projects radially out
from the stator base 116 (in a radial inward direction to-
wards the axis 78) to a radial inner distal end 128 of the
respective stator protrusion 118. This protrusion distal
end 128 is located at a radial inner side of the bearing
stator 68 and its stator body 112, and may have an ar-
cuate geometry. Each stator protrusion 118 extends lat-
erally between laterally opposing sides 130 and 132 of
the respective stator protrusion 118, which defines a lat-
eral width 134 of that stator protrusion 118. This lateral
width 134 may be uniform (e.g., constant) along a radial
length of the respective stator protrusion 118. The stator
protrusions 118A may be configured with common (the
same) lateral widths 134. Similarly, the stator protrusions
118B may be configured with common (the same) lateral
widths 134. However, the lateral width 134 of each stator
protrusion 118A is different (e.g., greater) than the lateral
width 134 of each stator protrusion 118B. Referring to
FIG. 6, each stator protrusion 118 extends axially along
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the axis 78 between and to the body first end 124 and
the body second end 126.

[0044] The stator body 112 may be configured as or
otherwise include a stator lamination. The stator body
112 of FIG. 6, for example, is formed from a plurality of
stator body layers 136 (e.g., plates, etc.) arranged side-
by-side along the axis 78 in a stack. Each of these stator
body layers 136 (e.g., completely) forms a corresponding
axial section of the stator body 112. Each stator body
layer 136, for example, may form a respective axial sec-
tion of the stator base 116 and a respective axial section
of each stator protrusion 118. Referring to FIG. 5, each
stator body layer 136 may include one or more circum-
ferential segments 138, where these circumferential seg-
ments 138 are arranged circumferentially about the axis
78 to provide the respective stator body layer 136 with
an annular geometry. However, it is contemplated each
stator body layer 136 may alternatively be circumferen-
tially unsegmented. Each of the stator body layers 136
may be formed from a ferromagnetic material such as,
but notlimited to, SiFe (silicon steel, electrical steel, etc.),
HiperCo 50, tungsten steel, carbon steel, cobalt, mag-
netite and nickel. The present disclosure, however, is not
limited to such an exemplary laminated configuration nor
stator body materials.

[0045] Referring to FIG. 5, the stator windings 114 are
arranged circumferentially about the axis 78 in an array;
e.g., a circular array. Each of the stator windings 114A,
114B is configured with a respective one of the stator
protrusions 118A, 118B. Each of the stator windings
114A, 114B of FIG. 5, for example, is wrapped around
the respective stator protrusion 118A, 118B, for example
radially atthe base inner side 120. With this arrangement,
the stator windings 114 are spaced radially outward from
the stator inner side and the distal ends 128, and the
stator base 116 circumscribes the array of the stator
windings 114. Each of the stator windings 114A, 114B
may also be bonded and/or otherwise attached to the
respective stator protrusion 118A, 118B.

[0046] The bearing stator 68 is mated with and held
together by the MFB frame 66. Each of the stator protru-
sions 118A is received by a respective one of the stator
channels 88. More particularly, each stator protrusion
118A projects radially into (e.g., and through) the respec-
tive stator channel 88. Each respective set of the stator
protrusions 118B is received by a respective one of the
stator channels 88. More particularly, each stator protru-
sion 118B in each respective set projects radially into
(e.g., and through) the respective stator channel 88,
which facilitates setting a distance between each stator
protrusion 118B and the magnetic bearing rotor 72. Fur-
thermore, each of the stator protrusions 118 is attached
to the MFB frame 66. Potting material 140, for example,
may be disposed in each stator channel 88 about the
respective stator protrusion(s) 118 to attach the respec-
tive stator protrusion(s) 118 to the MFB frame 66. This
potting material 140 may mechanically retain the respec-
tive stator protrusion(s) 118 within the respective stator
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channel 88 and/or bond the respective stator protru-
sion(s) 118 to the MFB frame 66. Of course, various other
techniques may also or alternatively be used to attach
the stator protrusions 118 to the MFB frame 66.

[0047] When the bearing stator 68 is mated with the
MFB frame 66, the body inner side may be radially
aligned with the frame inner side 84. Thus, the protrusion
distal ends 128 may be radially inline with the frame inner
side 84. The statorbase 116 is disposed radially outboard
of the MFB frame 66. The stator body 112 and its stator
base 116 may thereby circumscribe the MFB frame 66.
Furthermore, each of the windings 114 is arranged radi-
ally outboard of the MFB frame 66, radially between the
MFB frame 66 and the stator base 116.

[0048] The foil bearing 70 includes one or more top
foils 142 and one or more bump foils 144; however, it is
contemplated the foil bearing 70 may also include one
or more intermediate foils between the top foils 142 and
the bump foils 144. The set of top foils 142 and the set
of bump foils 144 are each respectively arranged about
the axis 78 in an array; e.g., a circular array. Each top
foil 142 is also paired with a respective one of the bump
foils 144 as described below in further detail.

[0049] Each top foil 142 of FIG. 7 includes an arcuate
top foil base 146 ("top base") and a top foil mount 148
("top mount"). Referring to FIG. 6, each top foil 142 and
its members 146 and 148 extends axially along the axis
78 between and to a first end 150 of the respective top
foil 142 and a second end 152 of the respective top foil
142. Referring to again FIG. 7, the top base 146 extends
circumferentially about the axis 78 between and to a first
side 154 of the respective top foil 142 and a second side
156 of the respective top foil 142. The top base 146 ex-
tends radially between and to a radial inner side 158 of
the respective top foil 142 and its top base 146 and a
radial outer side 160 of the top base 146.

[0050] Thetop mount148isconnectedto (e.g.,formed
integral with) the top base 146 at a connection point 162.
This connection point 162 may be disposed at a circum-
ferential intermediate position between the opposing top
foil sides 154 and 156. However, the connection point
162 may be closer circumferentially to the top foil second
side 156 than the top foil first side 154. For example, the
connection point 162 may be located between fifty per-
cent (50%) and eighty percent (80%) of a circumferential
length of the top foil 142 as measured from the top foil
first side 154 to the top foil second side 156. The present
disclosure, however, is not limited to such an exemplary
arrangement.

[0051] The top mount 148 of FIG. 7 includes a top
mount flange 164 ("top flange") and a top mount rim 166
("top rim"). The top flange 164 projects radially out from
the top base 146 (at the connection point 162) to a radial
outer distal end 168 of the top mount 148 and its top
flange 164. The top rim 166 is disposed at the top mount
distal end 168. This top rim 166 projects laterally out from
the top flange 164 to a lateral distal end 170 of the top
rim 166. With this configuration, the top mount 148 of
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FIG. 7 has an L-shaped sectional geometry when viewed,
for example, in a reference plane perpendicular to the
axis 78. The present disclosure, however, is not limited
to such an exemplary top mount configuration. For ex-
ample, in other embodiments, the top mount 148 may
have a T-shaped sectional geometry (e.g., a geometry
with opposing double top rims) or a |-shaped sectional
geometry (e.g., a geometry without a top rim).

[0052] Each top foil 142 is retained within an inner bore
172 of the MFB frame 66. More particularly, the top base
146 is disposed within the inner bore 172 and the top
mount 148 is mated with a respective one of the retention
slots 90. The top mount 148 and its top flange 164 project
radially (in the radial outward direction) into the respec-
tive retention slot 90 and its groove 100. The top rim 166
projects laterally into the notch 102. The top mount 148
and its top rim 166 are thereby captured radially within
the respective retention slot 90 and attached to the MFB
frame 66.

[0053] When attached to the MFB frame 66, each top
foil 142 may circumferentially overlap one or more of the
other top foils 142. A first portion of each top base 146
at its first side 154 of FIG. 7, for example, is disposed
radially between the MFB frame 66 and a second portion
of a circumferentially adjacent top base 146 at its second
side 156. Similarly, the second portion of each top base
146 at its second side 156 is disposed radially between
the MFB frame 66 and the first portion of another circum-
ferentially adjacent top base 146 atits first side 154. The
top foils 142 may thereby be shingled circumferentially
about the axis 78.

[0054] Eachbumpfoil 144 of FIG. 7 includes an arcuate
bump foil base 174 ("bump base") and a bump foil mount
176 ("bump mount"). Referring to FIG. 6, each bump foil
144 and its members 174 and 176 extends axially along
the axis 78 between and to a first end 178 of the respec-
tive bump foil 144 and a second end 180 of the respective
bump foil 144. Referring to again FIG. 7, the bump base
174 extends circumferentially about the axis 78 between
and to afirst side 182 of the respective bump foil 144 and
a second side 184 of the respective bump foil 144. The
bump base 174 extends radially between and to a radial
inner side 186 of the respective bump foil 144 and its
bump base 174 and a radial outer side 188 of the bump
base 174.

[0055] The bump mount 176 is connected to (e.g.,
formed integral with) the bump base 174 at the bump foil
first end 182. The bump mount 176 of FIG. 7 includes a
bump mount flange 190 ("bump flange") and a bump
mount rim 192 ("bump rim"). The bump flange 190
projects radially out from the bump base 174 (at the bump
foil first side 182) to a radial outer distal end 194 of the
bump mount 176 and its bump flange 190. The bump rim
192 is disposed at the bump mount distal end 194. This
bump rim 192 projects laterally out from the bump flange
190 to a lateral distal end 196 of the bump rim 192. With
this configuration, the bump mount 176 of FIG. 7 has an
L-shaped sectional geometry when viewed, forexample,
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in a reference plane perpendicular to the axis 78. The
present disclosure, however, is not limited to such an
exemplary bump mount configuration. For example, in
other embodiments, the bump mount 176 may have a T-
shaped sectional geometry (e.g., a geometry with oppos-
ing double bump rims) or a |-shaped sectional geometry
(e.g., a geometry without a bump rim).

[0056] Each bump foil 144 is retained within the inner
bore 172 of the MFB frame 66. More particularly, the
bump base 174 is disposed within the inner bore 172 and
the bump mount 176 is mated with a respective one of
the retention slots 90. The bump mount 176 and its bump
flange 190 projectradially (in the radial outward direction)
into the respective retention slot 90 and its groove 100.
The bump rim 192 projects laterally into the notch 102.
The bump mount 176 and its bump rim 192 are thereby
captured radially within the respective retention slot 90
and attached to the MFB frame 66. In the arrangement
of FIG. 7, the bump mount 176 and its bump flange 190
are disposed circumferentially between (a) the top
mounts 148 and its top flange 164 and (b) the lateral
second side 106 of the groove 100 (see FIG. 4). The
bump mount 176 and its bump rim 192 are also disposed
radially between (a) the top mount 148 and its top rim
166 and (b) the radial inner side 110 of the notch 102
(see FIG. 4).

[0057] When attached to the MFB frame 66, each
bump foil 144 is configured to bias one or more of the
top foils 142 radially inward away from the MFB frame
66 and its frame inner side 84. Each bump foil 144, for
example, is configured as a cantilevered leaf spring that
pushes in the radial inward direction against the radial
outer side 160 of a respective top base 146. In the ar-
rangement of FIG. 7, the bump base 174 is disposed
radially between the MFB frame 66 and a circumferen-
tially overlapping set of the top foils 142 and their top
bases 146.

[0058] Referring to FIG. 5, when the MFB stator 62 is
assembled, the MFB frame 66 is axially aligned with (e.g.,
extends axially along, axially overlaps, etc.) and circum-
scribes the foil bearing 70 and its foils 142 and 144. Sim-
ilarly, the bearing stator 68 and its stator body 112 are
axially aligned with and circumscribe the foil bearing 70
and its foils 142 and 144. The bearing stator 68 and the
foil bearing 70 are thereby radially stacked using the MFB
frame 66. This radial stacking of the bearing stator 68
with the foil bearing 70 may reduce an axial footprint /
overall volume of the magnetic-foil bearing 60; e.g., com-
pared to if the bearing stator 68 and the foil bearing 70
were arranged axially side-by-side or otherwise ar-
ranged. In addition, the foil bearing 70 and its foils 142
and 144 may be mounted without bedding the foils 142
and/or 144 in the potting material about the stator body
112 and its stator protrusion 118.

[0059] Referring to FIG. 2, the MFB stator 62 is fixed
to engine housing 34. The MFB stator 62 of FIG. 2, for
example, is secured (e.g., mechanically fastened) to a
bearing carrier 198 (e.g., a housing structure or housing
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member). The bearing carrier 198 is secured (e.g., me-
chanically fastened) to the inner case 36 through a sup-
port structure, where at least this support structure, the
bearing carrier 198 and the inner case 36 may collectively
form a stationary structure of the turbine engine 20. To
secure the MFB stator 62 to the bearing carrier 198, the
bearing stator 68 and its statorbase 116 are mechanically
fastened to the bearing carrier 198 by one or more fas-
teners 200; e.g., bolts. Each of these fasteners 200
projects axially through the stator base 116 (andits layers
136 of FIG. 6) and is threaded into a respective fastener
aperture in the bearing carrier 198. With the foregoing
arrangement, the MFB stator 62 and its various members
may be installed and removed as a single unit without,
for example, disturbing the potting material.

[0060] The bearing rotor 72 may be configured as a
rotor lamination; e.g., similar to the stator lamination of
FIG. 6. This bearing rotor 72 is mounted to a rotating
structure 202 of the turbine engine 20, which rotating
structure 202 may include one of the engine shafts 48,
49, 50 of FIG. 1. The bearing rotor 72 of FIG. 2, for ex-
ample, circumscribes and is attached to the rotating
structure 202 such that the bearing rotor 72 is rotatable
with the rotating structure 202. Similarly, the rotor sleeve
74 is mounted to the rotating structure 202 and/or the
bearing rotor 72. The rotor sleeve 74 of FIG. 2, for ex-
ample, circumscribes the bearing rotor 72 and is attached
to the bearing rotor 72 and/or the rotating structure 202
such that the rotor sleeve 74 is also rotatable with the
rotating structure 202. The MFB rotor 64 is also mated
with the MFB stator 62. More particularly, the MFB rotor
64 and its members 72 and 74 are disposed within an
inner bore of the MFB stator 62 and its foil bearing 70.
The MFB stator 62 and each of its members 66, 68 and
70 are thereby axially aligned with and circumscribe the
MFB rotor 64 and each of its members 72 and 74.
[0061] Referring to FIG. 8, the control system 76 in-
cludes a power system 204, a sensor system 206 and a
controller 208 in signal communication (e.g., hardwired
and/or wirelessly coupled to) the power system 204 and
the sensor system 206. The power system 204 is elec-
trically coupled to the MFB stator 62 and each of its wind-
ings 114. This power system 204 is configured to supply
electricity to the MFB stator 62 and each of its windings
114 for operation. The sensor system 206 includes one
or more sensors 210 (e.g., proximity sensors) arranged
with the MFB rotor 64. The sensor system 206 is config-
ured to determine a radial position of the MFB rotor 64
relative to the MFB stator 62. The controller 208 is con-
figured to signal the power system 204 to selectively en-
ergize the windings 114 in order to maintain the MFB
rotor 64 coaxial with the MFB stator 62 based on sensor
feedback provided by the sensor system 206.

[0062] The active magnetic bearing and foil bearing
functionalities of the magnetic-foil bearing 60 may com-
plementone another during turbine engine operation. For
example, as the rotating structure 202 initially begins to
rotate, stops or otherwise rotates relatively slowly (e.g.,

10

15

20

25

30

35

40

45

50

55

during windmilling, etc.), the foil bearing 70 may provide
support for the MFB rotor 64 within the MFB stator 62.
During high speed operation, a magnetic field generated
by the bearing stator 68 may support rotation of the MFB
rotor 64 within the MFB stator 62. However, load capacity
of the magnetic field may be strengthened by also pro-
viding an air cushion between the rotor sleeve 74 and
the foil bearing 70. This air cushion is generated by the
rotation of the rotor sleeve 74 within the foil bearing 70.
The magnetic-foil bearing 60 of the present disclosure
thereby provides a high load capacity, relatively low fric-
tion bearing; e.g., which may utilize no lubricant at the
interface between the MFB stator 62 and the MFB rotor
64. The foil bearing 70 also provides a backup to the
active magnetic bearing functionality.

[0063] While the magnetic-foil bearing 60 may reduce
cooling demands on the turbine engine 20 relative to a
typical roller element bearing (particularly lubricant cool-
ing demands), the magnetic-foil bearing 60 may still gen-
erate / be subject to heat loads. These heat loads may
be generated by conversion of electrical current within
the windings 114 into electromagnetic flux, excitations
induced by the electromagnetic flux and/or viscous shear
in the air cushion between the MFB stator 62 and the
MFB rotor 64. If unmitigated, such heat loads may neg-
atively affect operation and/or durability of the magnetic-
foil bearing 60, particularly components of the bearing
stator 68 such as the windings 114. The magnetic-foil
bearing 60 of FIG. 9 therefore is configured with a cooling
system 212.

[0064] The cooling system 212 of FIG. 9 includes a
cooling fluid source 214, a magnetic-foil bearing (MFB)
cooling jacket 216 and a magnetic-foil bearing (MFB)
cooling circuit 218. Briefly, the cooling circuit 218 of FIG.
9 is fluidly coupled with the cooling fluid source 214 and
extends through (e.g., is configured as part of) the cooling
jacket216. This cooling circuit 218 is configured to deliver
cooling fluid received from the cooling fluid source 214
to the cooling jacket 216 for cooling the magnetic-foil
bearing 60.

[0065] The cooling fluid may be a gas such as cooling
air; e.g., compressed bleed air. The cooling fluid source
214, for example, may be configured as a section of the
turbine engine 20 of FIG. 1 along the core flowpath 54.
The cooling fluid source 214 may be configured as the
compressor section 29. With such an arrangement, some
of the compressed core air may be bled from the core
flowpath 54 along or at a downstream end of the HPC
section 29B and directed into the cooling circuit 218 of
FIG. 9. Alternatively, the cooling fluid source 214 may be
configured as the combustor section 30. With such an
arrangement, some of the compressed core air may be
bled from a pre-diffuser leading to a diffuser plenum sur-
rounding the combustor (or bled from the diffuser plenum
itself) and directed into the cooling circuit 218 of FIG. 9.
The present disclosure, however, is not limited to the
foregoing exemplary air cooling fluid source configura-
tions. The cooling fluid source 214, for example, may
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alternatively be configured as the bypass flowpath 56 or
various other available air sources (e.g., ram air) in or
about the turbine engine 20 depending upon, for exam-
ple, pressure requirements for the cooling air about the
magnetic-foil bearing 60. The cooling fluid source 214,
for course, may also include or otherwise be configured
with a flow regulator (e.g., a valve) for metering a flow of
the cooling fluid to the cooling circuit 218.

[0066] The cooling fluid may alternatively be a liquid
such as lubricant (e.g., engine oil, fuel, etc.) and/or cool-
ant(e.g., refrigerant, water, etc.). The cooling fluid source
214, for example, may include a reservoir and a flow reg-
ulator; e.g., a valve and/or a pump. The reservoir may
be configured to store the cooling fluid before, during
and/or after magnetic-foil bearing operation. The reser-
voir, for example, may be configured as or otherwise in-
clude a tank, a cylinder, a pressure vessel, a bladder or
any other type of fluid storage container. The flow regu-
lator may be configured to direct and/or meter a flow of
the cooling fluid from the reservoir to the cooling circuit
218. The reservoir may be associated with another sys-
tem (e.g., an oil system, a fuel system, etc.) of the turbine
engine 20, or the reservoir may be independent of (e.g.,
all) other engine systems.

[0067] The coolingjacket216 extends axially along the
axis 78 between and to a first end 220 of the cooling
jacket 216 and a second end 222 of the cooling jacket
216. The cooling jacket 216 extends radially between
and to a radial inner side 224 of the cooling jacket 216
and a radial outer side 226 of the cooling jacket 216. The
cooling jacket 216 extends circumferentially about (e.g.,
completely around) the axis 78. The cooling jacket 216
may thereby have a full-hoop tubular geometry; e.g., see
FIG. 10.

[0068] The coolingjacket216 of FIG. 9 atleastpartially
forms one or more channels 228A and 228B (generally
referred to as "228") of the cooling circuit 218. These
cooling channels 228 are fluidly coupled in parallel with
and downstream of a common inlet 230 into the cooling
jacket 216 through an inlet plenum 232 of the cooling
circuit218; e.g., an inlet manifold for the cooling channels
228. Each of the cooling channels 228A, 228B extends
within the cooling jacket 216 from the inlet plenum 232
to a respective outlet 234A, 234B (generally referred to
as "234") (or multiple respective outlets) from the cooling
jacket 216. Each cooling channel 228A, 228B of FIG. 9
includes a respective outlet plenum 236A, 236B (gener-
ally referred to as "236") (e.g., an outlet manifold for the
respective cooling channel 228)and a passage leg 238A,
238B (generally referred to as "238"). Here, each of the
cooling circuitmembers 232, 236, 238 of FIG. 9 is formed
radially between and collectively by (a) the cooling jacket
216 and (b) the bearing carrier 198 and a tubular shroud
240 of the bearing carrier 198. The present disclosure,
however, is not limited to such an exemplary arrange-
ment. One or more of the cooling circuit members 232,
236 and/or 238, for example, may alternatively be em-
bedded radially within the cooling jacket 216 as, for ex-
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ample, a microcircuit passage.

[0069] Each of the plenums 232, 236A, 236B of FIG.
9 projects radially into the cooling jacket 216 from the
jacket outer side 226. Each of the plenums 232, 236A,
236B extends axially within the cooling jacket 216 be-
tween opposing axial sides of that respective plenum
232, 236A, 236B. Each of the plenums 232, 236A, 236B
extends within the cooling jacket 216 circumferentially
about (e.g., completely around) the axis 78, for example
providing that respective plenum 232, 236A, 236B with
a full-hoop (e.g., annular) geometry; e.g., see also FIG.
10. The inlet plenum 232 is disposed at an axial interme-
diate location axially between the first outlet plenum 236 A
and the second outlet plenum 236B as well as axially
between the first passage leg 238A and the second pas-
sage leg 238B. This inlet plenum 232 is fluidly coupled
with, axially aligned with and radially below the jacket
inlet 230. The first outlet plenum 236A is disposed at or
near the jacket firstend 220. This first outlet plenum 236 A
is fluidly coupled with, axially aligned with and radially
below the first jacket outlet 234A. The second outlet ple-
num 236B is disposed at or near the jacket second end
222. This second outlet plenum 236B is fluidly coupled
with, axially aligned with and radially below the second
jacket outlet 234B.

[0070] Each of the passage legs 238 of FIG. 9 projects
radially into the cooling jacket 216 from the jacket outer
side 226. Each of the passage legs 238A, 238B may
extend within the cooling jacket 216 axially along and/or
circumferentially about the axis 78 between the inlet ple-
num 232 and the respective outlet plenum 236A, 236B.
At least a portion or an entirety of each passage leg 238
of FIG. 10, for example, has a spiral geometry. More par-
ticularly, each passage leg 238A, 238B of FIG. 10 spirals
at least one, two or more (e.g., complete) revolutions
about the axis 78 as that respective passage leg 238A,
238B extends within the cooling jacket 216 from the inlet
plenum 232 to the respective outlet plenum 236A, 236B.
By spiraling around the axis 78 (and, thus the magnetic-
foil bearing 60 and stator base 116; see FIGS. 5-7), a
total contact surface area for the cooling within the cool-
ing jacket 216 may be increased.

[0071] Referring to FIG. 9, the cooling jacket 216 is
arranged radially between the stator body 112 and the
bearing carrier 198. The cooling jacket 216 of FIG. 9, for
example, is arranged radially between the stator base
116 and the shroud 240. The bearing carrier 198 and its
shroud 240 are axially aligned with and extend circum-
ferentially about (e.g., circumscribe) the cooling jacket
216. The cooling jacket 216 is axially aligned with and
extends circumferentially about (e.g., circumscribes) the
magnetic-foil bearing 60 and stator base 116. Moreover,
the cooling jacket 216 radially engages (e.g., is abutted
against, contacts, etc.) and/or is otherwise in thermal
communication with the stator body 112 and its stator
base 116. The stator base 116, for example, may be con-
nected to the cooling jacket 216 through an interference
fitand/or a bonded (e.g., a welded, brazed, etc.) connec-
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tion. Similarly, the cooling jacket 216 may be connected
to the shroud 240 through an interference fit and/or a
bonded (e.g., a welded, brazed, etc.) connection.
[0072] The cooling circuit 218 includes the cooling cir-
cuit members 232, 236 and 238 as well as a source pas-
sage 242. This source passage 242 fluidly couples the
cooling fluid source 214 to the cooling circuit members
232, 236 and 238 and, thus, the cooling jacket 216.
[0073] During operation of the cooling system 212, the
cooling circuit 218 directs the cooling fluid received from
the cooling fluid source 214 through the cooling jacket
216. As the cooling fluid passes through the cooling cir-
cuit members 232, 236 and 238, heat energy is trans-
ferred from the stator body 112 and its stator base 116
into the cooling fluid flowing through the cooling circuit
218. The cooling system 212 and its cooling jacket 216
therefore may cool the stator body 112 and its stator base
116. The cooling system 212 and its cooling jacket 216
may also cool one or more of the windings 114 and/or
the foil bearing 70 and its elements 142 and/or 144 (see
FIGS. 5-7) where, for example, the stator body 112 trans-
fers (e.g., conducts) heat energy from those MFB com-
ponents to the cooling jacket 216. Following discharge
from the cooling jacket 216 through the jacket outlets
234, the (now heated) cooling fluid may be directed out
of abearing compartment housing the magnetic-foil bear-
ing 60 and used for cooling (and/or lubricating) other tur-
bine engine components or exhausted from the turbine
engine 20.

[0074] The magnetic-foil bearing(s) 60 may be includ-
ed in various turbine engines other than the one de-
scribed above as well as in other types of rotational equip-
ment. The magnetic-foil bearing(s) 60, for example, may
be included in a geared turbine engine where a geartrain
connects one or more shafts to one or more rotors in a
fan section, a compressor section and/or any other en-
gine section. Alternatively, the magnetic-foil bearing(s)
60 may beincludedin a turbine engine configured without
a geartrain; e.g., a direct drive turbine engine. The mag-
netic-foil bearing(s) 60 may be included in a geared or
non-geared turbine engine configured with a single spool,
with two spools (e.g., see FIG. 1), or with more than two
spools. The turbine engine may be configured as a tur-
bofan engine, a turbojet engine, a turboprop engine, a
turboshaft engine, a propfan engine, a pusher fan engine
or any other type of turbine engine. The turbine engine
may alternatively be configured as an auxiliary power
unit (APU) or an industrial gas turbine engine. The
present disclosure therefore is not limited to any partic-
ulartypes or configurations of turbine engines. Moreover,
the magnetic-foil bearing(s) 60 may be utilized in various
types of rotational equipment other than turbine engines.
The magnetic-foil bearing(s) 60, for example, may be uti-
lized in automotive or other land-based vehicle applica-
tions within an engine and/or a drivetrain.

[0075] While various embodiments of the present dis-
closure have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
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and implementations are possible within the scope of the
disclosure. For example, the present disclosure as de-
scribed herein includes several aspects and embodi-
ments that include particular features. Although these
features may be described individually, it is within the
scope of the present disclosure that some or all of these
features may be combined with any one of the aspects
and remain within the scope of the disclosure. Accord-
ingly, the present disclosure is not to be restricted except
in light of the attached claims and their equivalents.

Claims
1. A bearing system (52), comprising:

a stationary structure (34, 36, 198);

a rotating structure (48; 49; 50; 202) rotatable
about an axis (22, 78);

a magnetic-foil bearing (60) radially supporting
the rotating structure (48; 49; 50; 202) within the
stationary structure (34, 36, 198), the magnetic-
foil bearing (60) including a magnetic bearing
stator (68), a magnetic bearing rotor (72) and a
foil bearing (70), and the foil bearing (70) dis-
posed radially between the magnetic bearing
stator (68) and the magnetic bearing rotor (72);
and

a cooling jacket (216) circumscribing and radi-
ally engaging the magnetic bearing stator (68),
a cooling circuit (218) configured to flow cooling
fluid within the cooling jacket (216) to cool the
magnetic bearing stator (68).

2. The bearing system of claim 1, wherein the cooling
circuit (218) extends circumferentially within the
cooling jacket (216) around the magnetic bearing
stator (68) two or more complete revolutions.

3. The bearing system of claim 1 or 2, wherein at least
aportion of the cooling circuit (218) within the cooling
jacket (216) has a spiral geometry about the mag-
netic bearing stator (68).

4. Thebearing system of any preceding claim, wherein:

the cooling circuit (218) includes a first leg
(238A) and a second leg (238B);

the first leg (238A) extends within the cooling
jacket (216) axially along and circumferentially
about afirst portion of the magnetic bearing sta-
tor (68) to afirst outlet (234A) of the cooling jack-
et (216); and

the second leg (23 8B) extends within the cool-
ing jacket (216) axially along and circumferen-
tially about a second portion of the magnetic
bearing stator (68) to a second outlet (234B) of
the cooling jacket.
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The bearing system of claim 4, wherein:

the first leg (238A) extends within the cooling
jacket (216) axially along the first portion of the
magnetic bearing stator (68) in a first axial di-
rection along the axis (22, 78) to the first outlet
(234A); and

the second leg (23 8B) extends within the cool-
ing jacket (216) axially along the second portion
of the magnetic bearing stator (68) in a second
axial direction along the axis (22, 78)to the sec-
ond outlet (234B).

The bearing system of claim 4 or 5, wherein the first
leg (238A) and the second leg (238B) are fluidly cou-
pled to an inlet (230) of the cooling jacket (216) in
parallel.

The bearing system of any of claims 4 to 7, wherein
at least one of:

at least a portion of the first leg (238A) has a
spiral geometry within the cooling jacket (216)
about the magnetic bearing stator (68); or

at least a portion of the second leg (238B) has
a spiral geometry within the cooling jacket (216)
about the magnetic bearing stator (68).

The bearing system of any of claims 4 to 7, wherein
at least one of:

the first leg (238A) extends within the cooling
jacket (216) at least one or more complete rev-
olutions circumferentially about the magnetic
bearing stator (68); or

the secondleg (238B) extends within the cooling
jacket (216) at least one or more complete rev-
olutions circumferentially about the magnetic
bearing stator (68).

The bearing system of any of claims 1 to 3, wherein

the cooling circuit (218) includes a first leg (23
8A), a second leg (238B), a first plenum (236A),
a second plenum (236B) and a third plenum
(232) axially between the first plenum (236A)
and the second plenum (236B);

the first leg (238A) extends axially along and cir-
cumferentially about the magnetic bearing stator
(68) from the first plenum (236A) to the third ple-
num (232); and

the second leg (238B) extends axially along and
circumferentially about the magnetic bearing
stator (68) from the third plenum (232) to the
second plenum (236B).

10. The bearing system of claim 9, wherein at least one
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1"

1.

12.

13.

the first plenum (236A) comprises an annular
first plenum (236A);

the second plenum (236B) comprises an annu-
lar second plenum (236B); or

the third plenum (232) comprises an annular
third plenum (232).

The bearing system of claim 9 or 10, wherein the
cooling jacket (216) includes an inlet (230) fluidly
coupled to the third plenum (232);

a first outlet (234A) fluidly coupled to the first
plenum (236A); and
a second outlet (234B)fluidly coupled to the sec-
ond plenum (236B).

The bearing system of any preceding claim, further
comprising a cooling fluid source (214) fluidly cou-
pled with and configured to provide the cooling fluid
to the cooling circuit (218).

The bearing system of claim 12, wherein:

the cooling fluid source (214) comprises a flow-
path (54) within a turbine engine (20) and the
cooling fluid is compressed air bled from the
flowpath (54); or

the cooling fluid source (214) comprises a lubri-
cant reservoir and the cooling fluid is lubricant
from the lubricant reservoir.

14. The bearing system of any preceding claim, wherein

15.

the magnetic bearing stator (68) includes a sta-
tor body (112) and a plurality of windings (114A,
114B) wrapped around the stator body (112);
and

the cooling jacket (216) circumscribes and radi-
ally engages the stator body (112), optionally
wherein the stator body (216) comprises a stator
lamination.

The bearing system of any preceding claim, wherein
the foil bearing (70) includes

a top foil (142) extending circumferentially about the
axis (22, 78); and

a bump foil (144) extending circumferentially about
the axis (22, 78) and radially between the magnetic
bearing stator (68) and the top foil (142).
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